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Executive Summary

The lllinois Emergency Management AgeliiiyMA) is mandatedwith protecting public health and

safetyand the environmenfrom thepotentially harmful effects oionizing radiation In support of

that mission IEMA conductsradiologicale nvi r on ment al monitoring aroun
nuclear power stations and Zion Nuclear Power Station, which ceased operation in 1997 and is
currently in thedecommissioningrocess

I E M Adadlislogicalenvironmetal monitoring progranhasthree primaryfunctions 1)collecion of
diverse samplefrom carefully chosen locatioren a routine basis, including simultaneous field
surveillance; 2analyzingsamplesfor radionuclides and 3) evaluation of test resulta doth an
annual and historicadbasis

Federal regulations establish standards for protectibrthe publicagainst ionizing radiation from
activities conducted under U.S. Nuclear Regulatory Commission (US NRC) licenses, such as
operation of nuclear powestations. The U.S. Environmental Protection Agency (US ERd)the

lllinois Environmental Protection Agensetdrinking water and Class | groundwatestandards for
several types of radioactive contaminants; the limit for trititmboth drinking water and Class |
groundwater, 20,000 picocuries per lite,used for comparison purposes within this report.

In 205, 667 environmentalsamples were cattedand analyzedor radioactivity The samples
collected by IEMA includedwvater, sedimentsoil, air vegetationand fish. In addition,,220
environmental dosimetrs werestrategicallydeployed arounéach of thewuclearpower station sites
to measure direct radiation.

In 2016 all testresults f or sampl/ es col/ ected as padaoaring|of | E.
program for nuclear power stations were below federagafety standardsand guidelines

As expected,ritium was theonly radionuclide detectedbove natural backgrounattributable to

nuclear powerplant operations Liquid effluent titium is routinely released to the environmead

per each stationds NRC o pvweas detedted in selveratveaterssamples Al t h
none othe sample results exceedawystate orfederal reporting limits.

Environmental dosimetry results providebaseline of ambient gamma radiation levels withii}a
mile radiws of each nuclear power statiand other background reference locations across the state.

In 2016 all test results for ewironmental dosimetry were consistent with historically
established backgroundlevels except for higher readings near spent fuel storage casaszion,
which were expecteddue to the close proximity of some dosimeters to the casks

In parallel with environmental monitoring, IEMA operates a stat¢he-art RemoteMonitoring

System (RM$at all six operatingiuclear powesstations. This oneof-a-kind RMS consists of three
separate subsystems: the Reactor Data Link (RDL), the GaseflusnEfMonitoring System
(GEMS) and Gamma Detection Network (GDN). The GEMSuged to measure and identify
gaseous effluent radioactivity fromach nuclear power statiaffluent stack and the GDN is capable

of measuringlirect radiation in the surrounding environment. EMA G s r aedviroorheatgli ¢ a |
monitoring program independetly monitors the environs aroungkachnuclear power statiorto

ensure releases to the environment are not affecting public health and sRietylts from the
GEMS and GDN are summarized in this report.
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lllinois Emergency Management Agency

Environmental Monitoring Program for Nuclear Power Stations
Report for Calendar Year 204

Introduction

With 1loperating reactors at six nuclear power stations, lllinois is home to more commercial nuclear
power generation than any other state in the country. Altitodirect regulatory authorityor the
operation ofU.S. nuclear power stations rdeswith the U.S. Nuclear Regulatory Commission (US
NRC), the lllinois Emergency Management Agency (IEMA) is mandated with protecting public
health and safety and the emirment from the potentially harmful effects of ionizing radiation. In
support of that mission, IEMAonductsradiologicalenvironmental monitoringn the environs of
I'l'linoisd six oper atlEMAglsonmainthires aadiolqgicalvenvionnentah t | on s
monitoring programat Zion Nuclear Power Station, which ceased operation in 1997 and is currently
undergoing decommissioningControl samplelocationsarechosenin areas where the samples are
not influencedby plant operations. Control locatiosamplesare sampled quarterlgnd the results

are compared with indicator sample results. Control sample are t@k8angchris Lak8tate Park

near KincaidJllinois andair monitoringsamplesare collectedn Springfield,lllinois. Sampleresults

for control locationscan be found in Appendix H.

In addition to draditional6radiologicalenvironmental monitoringlEMA hasa Remote Monitoring
System (RMS) around each nuclear povgtation. I RM®& & san advanced, integrated
computerbased system thacontinually monitors selected plant operational parameters at each
facility and is capable of identifying and measuring the presence of radioactive matestaksoim
effluents and direct radiation ithe surrounding environment. T$oneof-a-kind systemconsists of
three separate subsystems: the Reactor Data Link (RDL), the GasdlmemntEfonitoring System
(GEMS)andthe Gamma Detection Network (GDN).

Data from the RMS is collected and monitoreahtinuously [EMA has developed software to
continually monitor and analyze RMS datnd it provides notification of unusual occurrences to
on-call IEMA personnel.

This repor t radidogical evimnmentavénitasing program including data from the
RMS, for the period Januar20® through December205b6 for the six operating nuclear power
stations in Illinois and the one nuclear power station undergoing decommissioning.

ProgramOverview

Critical pathways for potential radiatioexposure to the public includdirect radiation, airborne,
waterborne, aquatic and ingestionlEMA has strategically identified sampling locationsthat

provide early indication of any potentigliblic healthand safety iss@geregarding Illinois nuclear

power station operation.Data from the program issed to stablish a baseline data set that can be

used to perform exposure assessments in the event of a significant release from a nuclear power
station.

IEMA collects samples frordesignatedindicator samplinglocations on a routine basis. IEMA

analyzeshese amples for the presence of radionuclidesl theresults are evaluatedn both an
annual and historical basis.
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Sample matrices monitored by IEMA inclusierfacewater, sedimentfrom nearby waterwayssoil,
air, vegetatiorand fish. In2016 667 sampleswere collectedanalyzedand evaluated.n addition,
1720 radiologicalenvironmental dosimeters were deployed arouhe nuclear power gations in
lllinois.

Results at a Glance

Federal regulations establish standards for protectadnthe public aganst ionizing radiation
resulting from activities conducted under.& NRC licenses, such as operation of nuclear power
stations. The U.S. Environmental Protection Agency (US EPA) sets drinking water standards for
several types of radioactive contaminantse limit for tritium in drinking water is used for
comparison purposes within this report.

n 2016 all test results Ffor samples coll eclted
program for nuclear power stations were below federaland state safety standards and
guidelines. No radionuclides associated with nuclear powerstation operations, except for
tritium, were detected in samples collected neanuclear power stations. Other radionuclides
detected were naturally occurring.

As stated aboveritium was the only radionuclide detected attributable to nuclear power station
operations. It was detected in several water samples. Tritium is a normal part of the effluent stream
of nuclear power stations and the concentrations detected were well bélewJ& EPA limit for
tritium in drinking water.

Environmental dosimetry test results provideect radiation levels within a0mile radiws of each
nuclear power station

In 2016 all test results for environmental dosimetry were consistent with estalished historical
background levels, except for higher readings near the spent fuel storage casks in Zion, whych
were expecteddue to the close proximity of some dosimeters to the casks.

Limits of Detection

All analytical methods have limitations: anms that are just too small to be detected. The
Minimum Detectable Concentration (MDC) imma a p measure iofidat limitation 6 an estimate

of the lower limit ofdetection It is defined as the smallest quantity that an analytical method has
95% likelihood of detecting. For example, the MDCIfoE MA G s  m &itium andvatdr & 200
picocuries per liter gCi/L). Given a sample with a trittum concentration of 200 pCi/L, our
laboratory would detect that tritium approximately 95 times out of 18@mples with less than 200
pCi/L could be detected, but with less certaintonversely, samples with motiean 200 pCi/L
would be more likely to be detected, approaching 100% as concentrations increase.

Analytical methods are chosen, in part, on tidDC. As a general rule, methods are chosen such
that their MDC is less than 10% of any applicable regulatory limit.

Radiation Exposure Pathways toHumans
Samples collected for the IEM#adiological environmental monitoring program reflect critical

pathways where radionuclides could be transported to and ingeséedi/or inhaledby the genel
population: water, sedimentand fish fom lakes and rivers downstreamnd groundwater from
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nearbywells. Figure 1depicts the different exposure pathways thgiu which people may be
exposed to radiation, or may ingest radioactive material.

Figure 1. Radiation Exposure Pathways tdumans

Gaseous: Effiuents

Depositigy,

Consumption
(milk)

Ingestion!

Water Samples

Nuclear power stations use large volumes of watersamdetimeslischargea portion ofthis water
to rivers and lakes. This discharge is regulated by theNBE and the lllinois Environmental
Protection Agency (IEPA). Impacted bodies of water include the Kankdlkeejs, Rock and
Mississippi iivers, Lake Michigan and Clinton Lake. |IENAalyzessamplesrom these bodiesf

water.

Plant operations can also impact groundter; therefore IEMA also analyzes samples collechenn
wells in and around thenuclear power stabns specifically at Braidwood due to the 2005
groundwater tritium leak Groundvater samples are deicted and analyzed quarterlyWater
samplesareanalyzedfor gross alphagross betatritium and gamma radionuclide§&SeeAppendix J
for radionuclide abbreviations

Tritium (H-3) isthe primary radionuclide released ihe effluent stram of nuclear power plants.

Liquid effluents from the nuclear power stations are released accor dance with th
NRC operating licens& waterwaysas pert h e s t atibrial®alluiast DisichargeElimination
Systempermit, which is issued Yothe IEPAWater samples are analyzed toitium and the results

are compared to the US ERAJIEPA drinkingwater standard of 20,000 pCi/ivhich correspond

to a4 mrem/year limiting dose.

Soil Samples

Radionuclides released into the air would b@eoted to eventually settle to the ground in locations
downwind. IEMA analyzes soil samples collected from land aroundublear power stations Soil
samples are collectegmiannually in thespring and thesummer.Soilsamplesarethen analyzed for
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radioactivity by gamma spectroscopy 7he soil sample results indicated no concentrations of
reactor-produced radionuclides above background.

Historically, environmental soil samples typically cont@ig137 concentrations ranging betweih
0 0.2 pCigas a rsult of atmospheric nuclear weapons testing

Sediment Samples

Radionuclides released into rivers would be expected to accumulate in sediments downstream.
IEMA analyzes sediment samplésat are collected from the rivers and lakes downstreznthe
nucl ear p oeiffleent pairitsa Sediments ére collected sammually in the spring and fall.

All sedimentsamples are analyzed bhgmma spectroscopyHistorically, environmental sediment
samples typically contain €537 concentrationsanging between 0.@ 0.2 pCi/g as a result of
atmosgheric nuclear weapons testinglhe sediment sample results indicated no concentrations

of reactor-produced radionuclides above background

Fish Samples

Fish are excellenbio-accumulatorsof radionudides. Fish samplesre collected from rivers, near
nuclear power station discharge points. At each location, two different species afdisiilected
and are referenced &p-feeders and bottorfeeders.Edible portions of the fislreharvested and
analyzecby gamma spectroscopyhe fish sampleresults indicated no concentrations of reactor
produced radionuclides above background

Vegetation Samples

Radionuclides released tmmospheredeposit on the groundlownwind from thenuclear power
station and aresubsequentlytransported to the root system of plantsPlants may take up or
metabolize radioactive materials in the sdilegetation samplearecollectedin the vicinity of each
power station in the late spring or summer All vegetation samips are analyzed bygamma
spectroscopy The vegetation sample results indicated no concentrations of reactor produced
radionuclides above background.

Air Samples

The Zion Nuclear Power Station permanently ceased operation in February 1998, andrhas bee
storing spent fuel orsite. Due to decommissioning activities, IEMA maintains a network of air
monitoring stations around the Zion Station. Air samples are collected continuously, with the air
filters being changed and analyzed weekly. The air fiiegsanalyzed for gross alpha and bmta
gasflow proportional counting. 7he air sample results indicated no concentrations of reactor
produced radionuclides above background.
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Gaseous Effluent Monitoring System(GEMS)
IEMA continuously monitors gaseeweffluents from all operatinguclearpower stations with the
GEMS which provides automatic, kline, continuous sampling of each nuclear power plant effluent

stack(s). The GEMS measures and identifies particulates, noble gases and iodines oveargeide r

of concentrations, from background levels potential releases of radioactive materiaider
emergencyanditions.

Figure2 below details the remote operation data for the Dresden NucleaoSt&fEMS quipment.

Figure 2. Computer Display of GBMS Data
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The GEMS equipment shown Figures3A and 3Belowwereoriginally designedyy Science
Applications International Corporation§AIC) and redesigned by IEMA persoeh The re
designed units werbuilt, installedandare currentlymaintained by IEMA personnel.

Figures3A and B. Photos of GEMS Equipment
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Ambient GammaMonitoring

IEMA maintains a networlof 415environmental dosimetersround thesix operatingnuclear power
stations and Zion Unlike the environmental samples describpreviously dosimeters do not
provide information on what radionuclides are found in the environment. Instead, dosimeters
provide a direct measurement of the total dose producedllispurces of gamma radiation, including
naturally occurring radionuclides and cosmic raiygegrated over time The dosimeters are arrayed
within a 18mile radius of each plant and are exchanged and analyzed qudyel§MA. The
dosimeters are udeto monitor ambient background levels of gamma radiati@und eaclduring
normalnuclear power statiooperations In additionthe environmental dosimetersan beused to
determine the extent and magnitudé radiation dose to the public following asificant releaseof
radioactivity to the public.

Results for environmental dosimeters analyzed duélfg6are included in the sitgpecificsections

of thisreport. In addition to the quarterly results, which are expressed as the aveitigem per

day, we have used those results to calculate the approximidbeem per yearan individualwould

receiveat that location for an entire year. Those numbers can be compared to the average radiation
exposure to an individual of 62@illirem per year fromvarious sources (according to the 2009

Nati onal Counci l o n RA66.iApproximately B% af that exporedsifrons Repor
terrestrial and osmic radiation (background radiation), and equals approximately #fllgem per

year. The ambiert gamma monitoring results indicated no radiation levels statistically above
background.

Figure4. Sources of Radiation Exposure to Man
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Reprinted with permission of the National Council on Radiation Protection.émtphM&:SRpublitatorg)
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Gamma Detection Network (GDN)

In addition to placing dosimeters around the nuclear power stations, IEMA manages the GDN
which is a network ofReuterStokesdetectors placed radially around each of the nuclear power
plants to detect gamma radiah levels in the environment. Sixteen detectors surround each nuclear
plant siteand are locatedpproximately 25 miles from the plant. Each sensor is capable of detecting
gamma radiation in the range of small background levels up toetigen per har. Shownin
Figure 5 is an analytical display for the Clinton Nuclear Station with meteorological and GDN
radiation information which canbe utilized by IEMA health physidsts to evaluate enviromental
impacts of a releas€&igure6is a photo of a tyipal GDN field installation.

Graphicrepresentation®f GDN data collecteduring 2016from each ring of detectors around each
nuclear power station are included in the s#pecificAppendicef this report. Each of thet6GDN
stations is coded with different coloron the graph.

Figure 5. Display of Gamma Detection Network around Clinton Nuclear Station

curon _—

Gamma Detection Network Radiation Readings (mR/h) Meteorological Conditions

Wind Direction Dnwd Sector Wind Speed Tower Height

: _ 0.0078 \,,' 0.0083 § Qo0 72l 4 A 253.7 CDE 8.0 MPH 3.5 misec 196 ft

s, 245.3 CDE 63MPH  28msec 33t

0'084 Vertical Stability: A Temperature:  77.8 Deg F 25.4 DegC
88l Horizontal Stability Low: C Horizontal Stability High: D

Last Shutdown On: 05/10/2015 18:06

GEMS Conditions
j Log Count Rate: 0 CPS Chamber Size: 6-LITER

MAIN STACK  GEMS  162.8 kefm RDL 231.0 kefm
STANDBY GAS GEMS 2.9E-03 kefm RDL 1.1 kefm

Release Rates (uCi/sec): (O = Currently Active Part/lod Station

PARTIC IODINE REPORT TIME
O HIRANGEP/I 2.21E+02 2.37E+01 08/12/2016 10:37

O LORANGEP/I 1.61E-04 1.52E-05 08/24/2016 12:33
NOBLE GAS 1.06E+03 08/25/2016 08:42

The GDN provides reatime radiation measurements and the environtaé dosimeters deployed
around the plants are radiation measurements integrated over the period of time they are deployed in
the field (typically three months).
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Figure 6. Typical IEMA GDN Field Installation
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